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ABSTRACT 



In this work we present the results of a systematic search for diffuse bands (DBs, hereafter) in the circumstellar envelopes of a carefully selected 
sample of post-AGB stars. We concentrated on the analysis of 9 of the DBs most commonly found in the interstellar medium. The strength of 
these features is determined using high resolution optical spectroscopy and the results obtained are compared with literature data on field stars 
affected only by interstellar reddening. Based on the weak features observed in the subsample of post-AGB stars dominated by circumstellar 
reddening we conclude that the carrier(s) of these DBs must not be present in the circumstellar environment of these sources, or at least not 
under the excitation conditions in which DBs are formed. The conclusion is applicable to all the post-AGB stars studied, irrespective of the 
dominant chemistry or the spectral type of the star considered. A detailed radial velocity analysis of the features observed in individual sources 
confirms this result, as the Doppler shifts measured are found to be consistent with an interstellar origin. 
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1. Introduction 

The diffuse interstellar bands (DIBs) are absorption features, 
showing a broad range of widths and strengths, which ap- 
pear over-imposed on the spectra of bright stars whose lines 
of sight probe (extra)galactic diffuse to dense interstellar 
clouds. Currently, more than 200 DIBs have been identified 
and catalogued in the spectral range from 3600 to 10200 A 
dJenniskens & Dese rt 1994; Cox et al.ll2.005D . the most studied 
ones being thos e found at 44 30, 5780, 5797 and 6284 A. Since 
their discovery dHegerll 19221) . they have been associated to the 
interstellar medium (ISM), because their strengt hs show a posi- 
tive relationship with the observed extinction dMerrillll 1936b a s 
well as to the neutral sodium column density (Herbig 1993). 
Many carriers have been proposed, however, no unambigu- 
ous identification has yet been made and it is debated whether 
they arise f rom the dust o r the gas compon ent of the ISM (see 
reviews by Herbig 1995] and ISarrd 120061) . There is increas- 
ing observational evidence that the DIB carriers constitute a 
set of carbonaceous gas phase molecules as evidenced from 
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* Based on observations collected at the European Southern 
Observatory (Chile) and at the Spanish Observatorio del Roque de 
los Muchachos of the Instituto de Astrofisica de Canarias. 



substructures resembling rotational contours in some bands 
( Sarr e et al.l I1995L lEhrenfreund & Foin 3 ll996l) . [n particular, 
photo-UV-resis tant org anic molecules, such as carbon chains 
dDouglas|[l977l) . P AHs dSalama et alJll999tlAUamandola et al. 
1999), fullerenes dFoing & Ehrenfreundlll994t llglesias-Groth 
2007) and / or buckvonions dlglesias-Grothj|2004l) are promis- 
ing candidates. The local interstellar environmental conditions 
set the balance of local formation and destruction of the carri- 
ers as well as their level of ionization and hydrogenation. The 
interste llar radiation field is on e of the most important factors 
in this dRuiterkamp et al ] |2005h . 



There is a possible link between the DIB carriers and the 
carriers of the unidentified (aromatic) infrared bands (UIBs) , 



the so-called PAH-DI B hyp o thesis jC rawford et al. l 11985 



Van der Zwet & Allamandola 



i Leger & D'Hendecourtl [l985 
1985). 

Thus, although PAHs are thought to reside and to be pro- 
cessed (ionisation, dehydrogenation, destruction) in the diffuse 
ISM, this does not exclude the scenario that these molecules 
(or their parent species) are produced elsewhere. Since circum- 
stellar shells are sources of replenishment of the ISM, it has 
been argued that DIBs (and/or parent structures) may have a 
circumstellar origin, either in dense stellar winds or circum- 
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stellar shells, thus somehow contravening the name they were 
initially given. The suspected connection between DIB carriers 
and some carbon-rich compounds can be investigated attend- 
ing to the usually known chemistry and physical properties of 
these circumstellar shells. 

Observationally, the detection of diffuse bands (DBs, here- 
after) around evolved stars is hampered by the fact that most of 
them are mass-losing stars, usually strongly variable, and sur- 
rounded by very cool extended atmospheres where molecules 
are the dominant source of opacity. These stars are very difficult 
to model and DBs are hardly detected (in absorption) against 
the forest of features attributed to molecular transitions which 
appear over-imposed on the stellar continuum. This has ham- 
pered the systematic search for DBs in evolved stars in the past. 
Furthermore, if detected, it is difficult to determine whether the 
DBs are originating from the interstellar or the circumstellar 
environment, or even both. 

In fac e of th ese difficulties Snow & Wallersteinl ( 1972 ) 
and ISnowl (119731) searched for circumstellar diffuse bands (at 
4430, 5780, 5797 and 6614 A) in 26 stars with suspected cir- 
cumstellar dust shells / envelopes but found no evidence for 
their presence. Several other authors have since searched for 
and commented on the presence of diffuse bands and their 
interstellar or circumstellar nature, in spectra observed to- 
wards planetar y nebulae (NGC 6210, NG C 7027, IC 351 and 
AF GL 2688 bvlPrichet & Grilrmairi ll984l IRAS 21282+5050 
by 
by 



Cohen & e slll987l: NGC 7027 and IRAS 21282+5050 
Le Bertre & Leaueux! fl992f) . a post-AGB star (HR4049; 
Waters et all 1 19891). and a car b on star (IRAS 07270- 1 921 or 



CGCS 1732; ILe Bertre] Il99(j) . ILe Bertre & Lequeuxl d 1993b 
studied a new sample consisting of carbon-, oxygen- or 
nitrogen-rich mass-losing sources, such as (pre)planetary neb- 
ulae (BD+30 3639, CPD-56 8032, Hen 104), a carbon rich 
RV Tauri star (AC Her), wolf-rayet stars (WR137, WR140) 
and post-AGB stars (HR4049, HD2 13985), revisiting several 
sources studied in the past (e.g. CS 776, NCG 7027, HR 4049, 
IRAS 21282+5050). These authors did not find any evidence 
for circumstellar DBs and refuted previous claims and thus 
concluded that DBs are depleted in circumstellar environments. 
Notably, these authors did not detect any bands in the spectra 
of sources showing strong PAH emission (UIB) at mid-infrared 
wavelengths. This suggested that carrier molecules, if present, 
in circumstellar envelopes are in a different state of ionization 
/ hydrogenation than in the ISM. Strong DBs were detected 
toward carbon-rich sources that do not show PAH emission, 
as well as toward most of their oxygen-rich and nitrogen-rich 
sources in the sample, although in all cases the observed DBs 
could be attributed to the interstellar material in the lines of 
sight. For unexplained reasons enhanced DBs were detected 
toward WN stars and LBVs. Exceptionally, narrow emission 
features possibly related t o DIBs as well have been observed 
toward the Red Rectangle ( Scarrott et alJll992 ). although their 
identification and nature remains controversial. 

A largely unexplored alternative exists. This concerns the 
so-called post-AGB stars that are in a short-lived transition 
phase between the Asymptotic Giant Branch (AGB) and the 
Planetary Nebula (PN) stage, evolving very rapidly in the H- 
R diagram while they are still surrounded by the remnant of 



the AGB circumstellar shell. Post-AGB stars show all possi- 
ble spectral types from M to B in what probably represents 
an evolutionary sequence of increasing effective tempe rature 
in their way to become PNe dGarcia-Lario et alJll997bl) . This 
means that in these stars we should easily be able to detect 
DBs formed in the remnant AGB shell over-imposed on the 
intermediate or early-type spectrum of the central star with- 
out the confusion originating from the presence of molecular 
bands in AGB stars. Interestingly, while many of these DBs 
are common to those observed in the ISM, the relative ratios 



are so metimes found to be very different dGarcia-Lario et al 



1999). These circumstellar DBs could form and survive for 



some time under conditions which might be substantially dif- 
ferent to those found in the ISM in terms of density, UV radi- 
ation field, etc. and could hold the key to understand and solve 
this long-standing problem. Another advantage is the fact that 
the chemical composition of the gas and dust in these shells 
can easily be determined from observations in the optical, in- 
frared, mm / sub-mm or radio wavelengths. In addition, post- 
AGB stars are located in many cases at relative high galactic 
latitudes, and are as such affected only by little interstellar red- 
dening. This facilitates the attribution of a circumstellar origin 
to the features observed. 

The potential formation of DBs around post-AGB stars has, 
however, been explored so far only occasionally for a lim- 
ited number of sources. Nevertheless, the presence of strong 
DBs has been reported in the optical spectra of a few post- 
AGB stars (Le Bertre & Leaueux 1993; Garcia-Lario et al. 
19991 IZacs et alJ Il999al l200lb iKlochkova et al.1 1 19991 1200(1 
Kendall et alJ l2002h and some carbon rich (barium) stars 
dZacs et alj|2003b . In several cases tentative claims have been 
put forward of DBs detected at radial velocities coinciding 
with the photospheric absorption lines or shell/envelope expan- 



Klochkovaetai]|l999l: 



sion velocity (IRA S 04296+3429 by 

and HD 179821 by IZacs et allll999af) . All other studies listed 
above gave non-conclusive results. 

Another method recently employed utilised nearby back- 
ground stars to probe t he circumstellar en vironments of the 
carbon star IRC+ 10216 dKendall et alJl2002h and the Helix PN 
dMauron & Kendal]il2004fK A gain, no circumstellar DBs were 
detected, confirming the lack of DIB carriers in these environ- 
ments. 

In this work we present the first systematic survey to de- 
tect the presence of circumstellar DBs (DCBs) in a carefully 
selected sample of galactic post-AGB starfl The goal is to per- 
form a detailed analysis of the differential properties observed 
in the DBs associated to post-AGB stars in comparison with the 
standard DBs observed towards reddened, early-type field stars 
(where these bands are expected to be essentially of interstellar 
origin). 

To perform this task we have studied the intensity of 9 of 
the strongest absorption features identified as DBs in the spec- 
tral range 4000-10000 A using high resolution optical spec- 
troscopy. The comparison of the properties observed in carbon- 
rich and oxygen-rich post-AGB stars is used to test the carbon- 



1 The sample also includes three very young planetary nebulae, 
which are here also considered post-AGB stars in a broad sense. 
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Table 1. Observation log. 



Name 


Other Names 


Observing Date 


Observatory 


Telescope 


Instrument 


Spectral 


ranse (A) 


Resolution 


IRAS 01005+7910 




12.09.03 


La Palma 


TNG (3.58 m) 


SARG 


4960- 


10110 


50000 


IRAS Z02229+6208 




12.09.03 


La Palma 


TNG (3.58 m) 


SARG 


4960- 


10110 


50000 


IRAS 04296+3429 




22.08.94 


La Palma 


WHT (4.2 m) 


UES 


5570- 


10200 


55000 


IRAS 05113+1347 




23.02.94 


La Palma 


WHT (4.2 m) 


UES 


4480- 


10200 


55000 


IRAS 05251-1244 

llVTiu \J 2— ~J 1_ J. j— 1 1 


IC 418 


12.09.03 


T a Palma 

L LI A ClllllU 


TNG ("3 58 m"l 


SARG 


4960- 


10110 


50000 


IRAS 05341+0852 




30 09 98 


ESO-La Silla 


NTT (3.58 m) 


EMMI 


5570- 


10040 


65000 


IRAS 06530-0213 




12.01.01 


ESO-Paranal 


VLT-U2 (8 m) 


UVES 


4790- 


-6810 


100000 


IRAS 071 34+1005 

1 IV/ \ k > \J ! i ij* y \ l yjyj^j 


HD 561 26 


20.12.93 


T a Palma 


WHT (4 2 ml 


UES 


3980- 


10400 


55000 


IRAS 08005-2356 




02.03.94 


La Palma 


WHT (4.2 m) 


UES 


3690- 


11050 


55000 


IRAS 08143-4406 




16.01.01 


ESO-Paranal 


VLT-U2 (8 m) 


UVES 


3750- 


10520 


100000 


IRAS 08544 4431 




26.01.99 


FSO-I a Silla 


FSO-1 52 


FEROS 


3700- 


-8860 


50000 


IRAS 12175-5338 


SAO 239853 


24.03.00 


ESO-La Silla 


ESO-1.52 


FEROS 


3730- 


-8850 


50000 


IRAS 16594-4656 




20 05 00 


ESO-Paranal 


VLT-U2 (8 m) 


UVES 


3750- 


10520 


100000 


IRAS 17086-2403 




14.07.01 


La Palma 


WHT (4.2 m) 


UES 


4300- 


-9000 


50000 


IRAS 17097-3210 


HD 155448 


07.07.97 


ESO-La Silla 


NTT (3.58 m) 


EMMI 


5800- 


10430 


60000 


IRAS 17150-3224 


RAFGL 6815 


10.06.00 


ESO-Paranal 


VLT-U2 (8 m) 


UVES 


3750- 


10520 


100000 


IRAS 17245-3951 




21 05 00 


ESO-Paranal 


VLT-U2 (8 m) 


UVES 


3750- 


10520 


100000 


IRAS 17395-0841 




13.07.01 


La Palma 


WHT (4.2 m) 


UES 


4300- 


-9000 


55000 


IRAS 17423-1755 


Hen 3-1475 


13.07.01 


La Palma 


WHT (4.2 m) 


UES 


4300- 


-9000 


55000 


IRAS 17436+5003 


HD 161796 


01.09.94 


La Palma 


WHT (4.2 m) 


UES 


3650- 


10200 


55000 


IRAS 18025-3906 




30 09 98 


ESO-La Silla 


NTT (3.58 m) 


EMMI 


3980- 


10430 


65000 


IRAS 18062+2410 


HD 341617 


13.07.01 


La Palma 


WHT (4.2 m) 


UES 


4300- 


-9000 


50000 




HD 172324 


08.08.95 


ESO-La Silla 


NTT (3.58 m) 


EMMI 


3650- 


10240 


55000 


IRAS 19114+0002 


HD 179821 


07.07.97 


ESO-La Silla 


NTT (3.58 m) 


EMMI 


5800- 


10430 


60000 


IRAS 19200+3457 


LS II +34 1 


11.09.03 


La Palma 


TNG (3.58 m) 


SARG 


4960- 


10110 


50000 


IRAS 19386+0155 




30.09.98 


ESO-La Silla 


NTT (3.58 m) 


EMMI 


5980- 


-8320 


65000 


IRAS 19500-1709 


HD 187885 


07.08.95 


ESO-La Silla 


NTT (3.58 m) 


EMMI 


3650- 


10040 


55000 


IRAS 20000+3239 




23.08.94 


La Palma 


WHT (4.2 m) 


UES 


4440- 


10040 


50000 


IRAS 20462+3416 


LS II +34 26 


17.08.96 


La Palma 


WHT (4.2 m) 


UES 


5300- 


-9380 


55000 


IRAS 22023+5249 


LS III +52 24 


14.07.01 


La Palma 


WHT (4.2 m) 


UES 


4300- 


-9000 


55000 


IRAS 22223+4327 


BD+42 4388 


24.08.94 


La Palma 


WHT (4.2 m) 


UES 


4440- 


10040 


50000 


IRAS 22272+5435 


HD 235858 


23.08.94 


La Palma 


WHT (4.2 m) 


UES 


4440- 


10220 


55000 


IRAS 23304+6147 




23.08.94 


La Palma 


WHT (4.2 m) 


UES 


4440- 


10040 


55000 





6280 62B5 6290 



6280 6285 6290 



6280 6285 6290 





Xx 






ATI 


f r ^ L 










HD 172324 






IRAS 08143 









6990 6993 6996 




6990 6993 6996 






7228 7220 7224 7228 7220 7224 7228 

Wavelength (angstrom) 



Fig. 1. Removal of telluric lines at 6284, 6993 and 7224 A. 
A few examples are shown before (left) and after correction 
(right). In the middle panel we show the stellar spectrum of 
HD 172324 (B9Ib), one of the sample stars, which was used as 
telluric divisor (see text). 



rich nature of the DB carrier(s) and determine which of the DBs 
detected are most probably of circumstellar origin (if any). 

In Section|2]we describe the observations made and the data 
reduction process. The strategy followed in our analysis is pre- 
sented in Section|3] The main results are discussed in Section 4 
as a function of various observational parameters. Finally, the 
conclusions are presented in Section|5] 

2. Observations and Data Reduction 

The high-resolution Echelle spectroscopic data analysed in this 
paper were taken using a wide variety of instruments and 
telescopes over the period 1993-2003. Originally, these ob- 
servations were carried out for chemical abundance analysis 
purposes and they correspond to observations performed us- 
ing the Utrecht Echelle Spectrograph (UES) at the William 
Herschel Telescope (WHT 4.2m) and the High Resolution 
Spectrograph (SARG) at the Telescopio Nazionale Galileo 
(TNG 3.58m), both in the Spanish Observatorio del Roque 
de los Muchachos (La Palma, Spain); the UV- Visual Echelle 
Spectrograph (UVES) installed at the Very Large Telescope- 
U2 (VLT 8m) in Paranal Observatory (Chile); and the ESO 
Multi-Mode Instrument (EMMI) at the New Technology 
Telescope (NTT 3.5m) and the Fiber-fed Extended Range 
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Table 2. Main characteristics of the post-AGB stars selected for the analysis 



IRAS Name 


E(B 


-V) 


Ref. 


Chemistry 


Ref. 


Sp.Type 


Ref. 


GLON. 


GLAT. 


01005+7910 


0.2 ±0.1 


(25) 


C 


(25) 


B2 


(25) 


123.57 


+ 16.59 


02229+6208 


1.67 + 0.09 


(17) 


C 


(37) 


G9Ia 


(37) 


133.73 


+ 1.50 


04296+3429 


1.3 ±0.1 


(7, 15, 36) 


c 


(27) 


GOIa 


(3) 


166.24 


-9.05 


05113+1347 


1.1 ±0.2 


(26, 36, 40) 


c 


(26) 


G5I 


(40) 


188.86 


-14.29 


05251-1244 


0.23 ± 0.09 


(35) 


c 


(42) 


PN/07f 


(14) 


215.21 


-24.28 


05341+0852 


1.65 ±0.09 


(7, 17, 40) 


c 


(26) 


F5I 


(15) 


196.19 


-12.14 


06530-0213 


1.7 ±0.2 


(36, 40) 


c 


(18) 


F5I 


(18) 


215.44 


-0.13 


07134+1005 


0.4 ±0.1 


(15, 40) 


c 


(26) 


F7Ie 


(40) 


206.75 


+9.99 


08005-2356 


0.7 ± 0.3 


(15, 40) 





(5) 


F5I 


(3) 


242.36 


+3.58 


08143-4406 


0.8 ±0.1 


(36, 40) 


c 


(39) 


F8I 


(36) 


260.83 


-5.07 


08544-4431 


1.45 ±0.09 


(29) 





(29) 


F3 


(29) 


265.50 


+0.39 


12175-5338 


0.25 ± 0.09 


(19, 38) 


c 


(46) 


A9Iab 


(32) 


298.30 


+8.67 


16594-4656 


2.2 : 


t0.3 


(20, 40, 44) 


c 


(9) 


B7 


(44) 


340.39 


-3.29 


17086-2403 


0.86 ± 0.09 


(40) 


c? 


(10) 


PN+G5? 


(34) 


359.84 


+8.99 


17097-3210 


0.06 : 


= 0.05 


(30) 


c 


(45) 


B9 


(30) 


353.36 


+4.03 


17150-3224 


0.68 ± 0.09 


(23) 





(23) 


G2I 


(23) 


353.84 


+2.98 


17245-3951 


1.0 ±0.1 


(40) 





(20) 


F6I 


(40) 


348.81 


-2.84 


17395-0841 


1.1 ±0.2 


(11,40) 


0? 


(10) 


PN+G 


(11) 


17.02 


+ 11.10 


17423-1755 


1.13 = 


t0.09 


(11,40) 





(41) 


Be 


(11) 


9.36 


+5.78 


17436+5003 


0.24 ± 0.09 


(19) 





(4) 


F3Ib 


(48) 


77.13 


+30.87 


18025-3906 


1.15 ±0.09 


(22, 40) 





(24) 


Gil 


(40) 


353.27 


-8.72 


18062+2410 


0.6 = 


t0.2 


(33, 40) 


o 


(33) 


Bl I 


(33) 


50.67 


+ 19.79 


HD 172324 


0.03 = 


t0.02 


(6) 


o 


(1) 


B9Ib 


(1) 


66.18 


+ 18.58 


19114+0002 


0.60 = 


t0.05 


(19, 40) 


o 


(4) 


G5 la 


(3) 


35.62 


-4.96 


19200+3457 


0.3 ±0.1 


(11) 


o? 


(11) 


B 


(11) 


67.57 


+9.51 


19386+0155 


1.05 = 


t0.09 


(2) 


o 


(28) 


F5I 


(31) 


40.51 


-10.09 


19500-1709 


0.37 = 


t0.09 


(19) 


c 


(47) 


F2-6 la 


(3) 


23.98 


-21.04 


20000+3239 


1.6 = 


tO.l 


(15, 26) 


c 


(21) 


G8Ia 


(21) 


69.68 


+ 1.16 


20462+3416 


0.38 = 


t0.09 


(8, 43) 


o 


(8) 


B1.5 


(8) 


76.60 


-5.75 


22023+5249 


0.52 = 


t0.09 


(12) 


o 


(13) 


B 


(12) 


99.30 


-1.96 


22223+4327 


0.2 = 


tO.l 


(15, 26) 


c 


(26) 


GO la 


(15) 


96.75 


-11.56 


22272+5435 


0.9 = 


t0.2 


(15) 


c 


(16) 


G5Ia 


(15) 


103.35 


-2.52 


23304+6147 


1.4 ±0.2 


(15, 36) 


c 


(15) 


G2 la 


(15) 


113.86 


+0.59 



(11 Arellano et al. (2001) 

(21 Arkhipova et al. (20001 

(31 Bakkeretal. (19971 

(41 Buiarrabal et al. (19921 

(51 Desmurs et al. (20021 

(61 Femie (19831 

(71 Fuiii et al. (20021 

(81 Garcia-Lario et al. (1997a1 

(91 Garcfa-Lario et al. (19991 

(10) Garcfa-Lario (priv.comm.) 

(UI Gaubaetal. (20031 

(121 Gauba & P arthasarathv (20031 



(13) Gauba & Parthasarathv (2004) 
(141 Heap & Augensen (19871 
(151 Hrivnak (19951 
(161 Hrivnak & Kwok (19911 
(171 Hrivnak & Kwok (19991 
(181 Hrivnak & Reddv (2003) 
(191 Hrivnak et al. (19891 
(201 Hrivnak et al. (19991 
(211 Hrivnak et al. (2000) 
(221 Hu et al. (1993a1 
(231 Huetal. (1993b1 
(241 Huetal. (19941 



(25) Klochkova et al. (2002) 
(261 Kwok etal. (19951 
(271 Kwok etal. (19991 
(281 Lewis (20001 
(29) Maas et al. (20031 
(301 Malfait et al. (1998) 

(31) Meixner etal. (1999) 

(32) Oudmaiier et al. (1992) 

(33) Parthasarathv et al. (2000a) 
(341 Parthasarathv et al. (2000b) 
(351 Pottasch et al. (2004) 

(36) Reddv & Parthasarathv (19961 



(37) Reddv e t al. (19991 

(38) Reed & Vance (19961 
(391 Revniers et al. (20041 

(40) Suarez et al. (2006) 

(41) te Lintel Hekkert et al. (19911 

(42) Torres-Peimbert et al. (1980) 

(43) Turner & Drilling (19841 

(441 van de Steene & van Hoof (20031 
(451 van der Veen et al. (19891 
(46) van Winckel (19971 
(471 van Winckel & Revniers (20001 
(481 Volk & Kwok (1989) 



Optical Spectrograph (FEROS) at the ESO 1.52m telescope in 
La Silla Observatory (Chile). 

The spectra obtained cover a wide wavelength range (usu- 
ally from 4000 to 10000 A) with a resolving power in the range 
50000-100000 at 5500 A, depending on the instrument set-up. 
The exposure times are variable, depending on the brightness 
of the source, but typically of ~ 30 min, leading to a signal-to- 
noise of 20-200 over the spectral range considered. 

The two-dimensional spectra were reduced following the 
standard procedure for echelle spectroscopy using IRAF astro- 
nomical routines. The process includes: identification of bad 
pixels, bias determination and scattered light subtraction, flat- 



field correction, order extraction and wavelength calibration. 
For the DBs at 6284, 6993 and 7224 A, strongly affected by 
terrestrial features, the spectrum of HD 172324 (B9Ib), one of 
the sample stars very little affected by extinction, was used as 
divisor to remove the telluric absorption lineal (see Figure[Tji. 



2 Note that the initial strategy was to use the spectrum of a hot, 
rapidly rotating star observed on the same night for this purpose, but it 
was found that the latter showed faint but detectable DBs in its spec- 
trum which did not allow us to perform this correction properly. In 
contrast, the 6284, 6993 and 7224 A DBs were found to be totally 
absent in HD 172324. 
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Fig. 2. Equivalent width measurements taken from the litera- 
ture for field stars, plotted as a function of E(B - V). Table [3] 
gives slopes EW/E(B - V) and correlations r for the linear fits. 




6275 62S0 



6290 6275 n 6280 62SS 

Wavelength (A) 



Fig. 3. Sample spectra showing the region around the DB at 
6284 A, before (left panel) and after (right panel) removal 
of the telluric lines using as the telluric divisor HD 172324. 
Dotted lines indicate the continuum level adopted in each case. 



3. Selection of the sample 

In order to make a systematic study of the presence of DCBs in 
post-AGB stars, we carefully selected a sample of 33 sources 
from the literature trying to cover as much as possible a wide 
variety of observational properties such as the chemistry of 
the circumstellar envelope (carbon-rich and oxygen-rich) or the 
spectral type of the central stars^. Priority was given to sources 
located at high galactic latitudes showing a strong colour ex- 
cess E(B - V) (as these sources are most likely dominated by 
circumstellar extinction) and to those for which a high radial 
velocity has been reported in the literature (since this may later 
facilitate the identification of spectral features of circumstellar 
origin). 

The main objective is to understand whether systematic dif- 
ferences are detected which depend on one (or more) of the 
above observational parameters. 

The list of stars selected for analysis, most of them 
IRAS s ources belonging to the GLMP catalog ue of post-AGB 
stars dGarcfa-Lario et al. 1997at Suarez 2004 ), is displayed in 
TableQ] where a summary description of the observations made 



3 Stars with spectral types later than G- were discarded for the anal- 
ysis, as their continuum is dominated by the presence of molecular 
bands, which makes the identification of DBs a very difficult task. 



is presented. In Table [2] additional information is given on the 
sources included in our observing programme. This includes 
the colour excess E(B - V), dominant chemistry (carbon-rich 
or oxygen-rich), spectral type and galactic coordinates (GLON, 
GLAT), as well as the bibliographic references from where this 
information was extracted. 

The spectral regions corresponding to 9 different DBs 
which are among the strongest ones reported in the lit- 
erature have been investigated in detail for each of the 
sources included in our sample. Table [3] lists the accurate 
wavelength s (Ap) corresponding to e ach of these features, 
taken from Galazutdino v et al. (2000), as well as their cen- 
tral depth Ac and sensitivity to the extinction, measured as 
EW/E(B - V), observed toward the star HD 183143 (B7I; 
E(B — V) = 1.28 mag), which is usually taken as the prototype 
star in the analysis of DIBs dHerbig|l995l) . All the DBs selected 
for analysis are within the optical domain, and they are referred 
to in the literature as the 5780, 5797, 5850, 6196, 6284, 6379, 
6614, 6993 and 7224 A features. Other well known DBs at 4430 
and 6177 A are even stronger than the selected ones, but they 
have been discarded for study because of the difficulty to detect 
their extremely broad (and relatively shallow) profiles (FWHM 
> 17 A; A c < 0.1) in our high resolution spectra. 



6 



R. Luna et al.: A search for diffuse bands in post-AGB stars 



Table 3. Main characteristics of the selected DBs (cen- 
tral depth A c and normalised equivalent width EW/E(B - 
V)), as meas ured towards the prototype star HD 183143 
( Herbigl 1995 ) (cols. 3 and 4). The re ference wavelengths are 
taken from Galazutdinov et al. (2000) (col. 2). The equivalent 
width per extinction unit (this work) d erived from publishe d 
data from Ijenn iskens & Desert! d 1994b. IWeselak et all d200lh . 
Thorburn et alJ d2003l) and iMegier et all d2005h is given for 
each DIB in col. 5, with corresponding correlation coefficients 
in col. 6. 



HD 183143 



this work 



DB 


^0 


A c 


EW/E(B - V) 


EW/E(B - V) 


r 


(A) 


(A) 




(A/mag) 


(A/mag) 




5780 


5780.37 


0.32 


0.63 


0.46 


0.74 


5797 


5796.96 


0.20 


0.19 


0.17 


0.73 


5850 


5849.80 


0.069 


0.06 


0.061 


0.75 


6196 


6195.96 


0.084 


0.06 


0.053 


0.82 


6284 


6283.85 


0.32 


1.5 


0.90 


0.69 


6379 


6379.29 


0.10 


0.096 


0.088 


0.62 


6614 


6613.56 


0.24 


0.29 


0.21 


0.80 


6993 


6993.18 


0.14 


0.14 


0.12 


0.95 


7224 


7224.00 


0.21 


0.29 


0.25 


0.99 



A c = 1 - F(/io) / F(continuum) 

4. Discussion 

4.1. DB strength vs. extinction in field stars 

Although it is generally accepted that there is a tight correlation 
between the equivalent width of DBs and the value of E(B - V) 
in field stars dominated by interstellar reddening, the available 
results in the literature generally cover only the stronger DBs 
(AA 4430, 5780, 5797 and 6284). In addition, they are usually 
based on old data obtained with poor spectroscopic resolution 
(sometimes, even below R = 1000). Unfortunately, studies cov- 
ering other DBs and/or based on high resolution spectroscopy 
are scarce. Prior to derive any conclusion on the existence (or 
not) of a similar correlation between DB strength and extinc- 
tion in our sample of post-AGB stars it is, thus, necessary to 
establish this dependency for each of the 9 DBs observed to- 
ward field stars. 

For this purpose, we have re-derived ourselves these cor- 
relation par ameters using a large number of earl y -type stars 
taken from IWeselak et all ( feOOll) : iThorburn etall d2003l) and 
Megie r et al. I d2005l) . for which accurate DB strength measure- 
ments are available covering a wide range of extinction values. 
Weselak et al.'s sample contains 41 stars observed at R-64000, 
for which equivalent width data are available corresponding to 
the DB centred at 6614 A. Thorburn et al.'s sample comprises 
53 stars observed with spectral resolution R-38000, that were 
originally used to study the DBs centred at 5780, 5797, 6196, 
6284, 6379 and 6614 A. Finally, Megier et al.'s sample com- 
prises 49 stars observed with spectral resolution R~64000, that 
were originally used to study the DBs centred at 5780, 5797, 
5850 6196, 6284, 6379 and 6614 A. Four additional stars taken 
from Jenniskens & Desertl d 19941) . observed at R-20000, were 
also used to derive the correlation parameters associated to the 



DBs centred at 6993 and 7224 A, for which measurements are 
much more scarce in the literature. The sources included in 
these four samples are expected to follow a behaviour repre- 
sentative of field stars affected only by interstellar extinction. 
Figure [2] shows all the equivalent width measurements used in 
our analysis, plotted as a function of the interstellar extinction, 
measured as E(B - V). 

For each DB under analysis we have applied a linear fit to 
the data available. We have also imposed the condition EW = 
for E(B - V) = 0, i.e.: EW = a- E(B - V), where a is a con- 
stant that represents the equivalent width per extinction unity. 
In practice this is equivalent to assume that there is a direct link 
between the DB carrier(s) and the material which is responsible 
for the extinction observed in the ISM. The fits obtained rep- 
resent the DB strength expected as a function of the colour ex- 
cess for any given source in which interstellar reddening is the 
dominant contributor to the overall extinction. These are repre- 
sented by solid lines in Figure|2] The slopes (EW/E(B- V)) and 
correlation coefficients r of the linear fits are given in Table [3] 

As we can see, a reasonable correlation between equiva- 
lent width and E(B - V) is always found, although the disper- 
sion is in some cases considerable. The new results obtained 
are in agreement as well with tho se derived for the prototype 
star HD 183143 by dHerbigll 19951) although the 5780 and 6284 
DIBs are significantly stronger toward the latter, probably due 
to local environmental conditions. These results provide confi- 
dence to proceed with the study of the post-AGB stars in our 
sample, based on the assumption that the above values can be 
taken as references for the subsequent analysis. 

4.2. DB strength vs. extinction in post-AGB stars 

In Table [5] (Online only) we show the equivalent width of each 
of the 9 DBs considered in our analysis for every post-AGB star 
in the sample, as determined from the available high resolution 
spectra. Note that three of these bands are strongly affected by 
telluric contamination, namely those centred at 6284, 6993 and 
7224 A. For these features, a careful removal of the telluric 
component was performed prior to the determination of their 
EW (see Figures Q] and [3j Sect. |2j. For the other DBs, the mea- 
surements were performed directly on the normalised spectra. 
We note here that in none of the spectra we found evidence for 
DB features in emission. 

The resulting values are plotted in Figure [4] as a function of 
the colour excess E(B - V). The values of E(B - V) which were 
used to produce this figure are directly taken from the literature 
(see Table [2]) or estimated from the available information on 
spectral type and photometry by comparing the observed B and 
V magnitudes with the intrinsic B - V colours expected for stars 
of the same spectral type and luminosity class Q 



4 A luminosity class I is adopted because this is the class corre- 
sponding to low-gravity stars, but note that post-AGB stars only look 
like super-g iants, but they a re not genuine population I massive super- 
giant stars jFitzgeraidil 1 97fj) . Values quoted by different authors are 
generally in good agreement, and the discrepancies found, when rele- 
vant, are reflected in the associated errors provided in Tablef2] 
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Fig. 4. Equivalent width (in A) of the 9 DBs selected for analysis as a function of E(B - V) for the post-AGB stars in the sample. 
Solid lines correspond to the fits derived in this paper for field stars dominated by interstellar extinction (see also Sect. 14. II ). The 
inverted triangles represent upper limits. 



Figure [4] shows the overall results obtained for the 9 DBs 
studied. In general we find that the equivalent width of the 
observed features seems to be still correlated with the value 
of E(B - V). However, in contrast to the results obtained for 
the field stars (shown in Figure I3, this correlation is now very 
weak in some cases and we identify a much larger number of 
outliers. 

Usually, for a given extinction E(B - V), the measured 
equivalent widths in post-AGB stars are well below the ex- 
pected values. Only a subset of sources follow exactly the same 
behaviour observed in field stars. We interpret this result as the 



consequence of the absence (or at least the under-abundance) 
of the DB carriers in the circumstellar envelopes of most of 
these post-AGB stars, but further analysis is needed to confirm 
that there is no other alternative explanation. 

4.3. Interstellar vs. circumstellar extinction 

In order to determine whether our preliminary hypothesis is 
consistent with the measurements here presented, it is neces- 
sary to take into account that in general, the overall extinction 
observed towards a given source in the sky is the result of the 
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Table 4. Line-of-sight properties for the observed post-AGB stars. DCS = dominated by circumstellar reddening; HV = high 
radial velocity; CS1 designated DCS based on lat/long vs reddening, excluding those that are discarded based on interstellar (IS) 
reddening estimate. CS2 indicates DCS found by estimating the upper limit to the IS reddening. Principal extinction estimates 
are given with rescaling of disk / spiral component (col. 7). No-rescaling estimates are given (col. 8) in those cases for which the 
extinction estimate is significantly higher than with use of rescaling. The angular scale of COBE data is 0.35° x 0.35° and this 
dust extinction model therefore only gives mean extinction estimates. Erroneous rescaling factors can arise for directions toward 
strong extra-galactic sources such as M3 1 , M33, SMC and LMC as well as toward peculiar galactic regions such as Orion and the 
Pvho Ophiuchus complex. Also, lines of sight corresponding to arm tangents may have large systematic errors. Distance estimates 
(references in col. 4) and corresponding model extinctions (converted to E(B - V)) are given when available in Cols. 3 & 5). The 
maximum model reddening (with and without re-scaling) and the corresponding distance in the target direction are given in cols. 
7, 8 and 6, respectively. Col. 9 gives the resulting lower limit for the circumstellar reddening. The final column (10) indicates 
when the target is dominated by circumstellar reddening (CS1 or CS2) and/or is a high velocity target (HV). 



NAME 


E(B - V) 


d 


Ref. 


E{B - V)IS 


dmux 


E(B 


- V)IS 


E(B - V0-CS 


DCS / HV 




observed 


kpc 






kpc 


scaling 


no scaling 


min 




01005+7910 


0.2 ±0.1 


3 




0.11 


1.7 


0.11 








02229+6208 


1.67 ±0.09 


> 2.2 




0.60 


5 


0.99 




0.68 


CS2 


04296+3429 


1.3 ±0.1 


3.5 
5.4,5 


2,9 


0.23 
0.23 


3.3 


0.23 




1.07 


CS1 


05113+1347 


1.1 ±0.2 


5 


9 


0.14 


2.1 


0.14 




0.96 


CS1 


05251-1244 


0.23 ± 0.09 








1 


0.18 








05341+0852 


1.65 ±0.09 


10 


9 


0.16 


2.4 


0.16 




1.49 


CS1 


06530-0213 


1.7 ±0.2 


3 


9 


0.36 


5 


0.41 




1.29 


CS2 


07134+1005 


0.4 ±0.1 








2.8 


0.024 


0.14 


0.38/0.26 


HV / CS2 


08005-2356 


0.7 ± 0.3 








4 


0.18 


0.27 


0.52/0.43 


CS2 


08143-4406 


0.8 ±0.1 


4 


9 


0.55 


5.8 


0.66 








08544-4431 


1.45 ± 0.09 








6 


0.99 




0.46 


CS2? 


12175-5338 


0.25 ± 0.09 








3 


0.24 








16594-4656 


2.2 ±0.3 


2.6 


10,11 




7 


2.1 






CS (*) 


17086-2403 


0.86 ± 0.09 


6 


9 


0.56 


2 


0.56 




0.3 


HV (CS2?) 


17097-3210 


0.06 ± 0.05 


(0.2) 




(0.08) 


5 


0.95 








17150-3224 


0.68 ± 0.09 


< 18 (2) 


9 


(0.9) 


5 


1.8 








17245-3951 


1.0 ±0.1 








5 


1.0 


1.5 




HV 


17395-0841 


1.1 ±0.2 








2 


0.87 




0.23 


HV 


17423-1755 


1.13 ± 0.09 


3.2-3.7 




0.6 


4 


0.60 




0.53 


CS1/HV 


17436+5003 


0.24 ± 0.09 


1.2 




0.03 


0.9 


0.026 


0.064 


0.18 


CS1 


18025-3906 


1.15 ±0.09 








2 


0.23 


0.34 


0.92/0.81 


CS1/HV 


18062+2410 


0.6 ± 0.2 


4.5-5.3 




0.14 


1.4 


0.14 




0.46 


CS1/HV 


HD 172324 


0.03 ± 0.02 








1.5 


0.056 


0.11 






19114+0002 


0.60 ± 0.05 


1.5 


4 


0.32 


5 


0.54 


0.62 




HV 


19200+3457 


0.3 ±0.1 








2.9 


0.15 


0.22 






19386+0155 


1.05 ± 0.09 








2.9 


0.35 




0.80 


CS1 


19500-1709 


0.37 ± 0.09 


>4 


12 




1.0 


0.20 








20000+3239 


1.6 ±0.1 


(5,8) 




(1.0,1.7) 


>10 


>1.7 




? 




20462+3416 


0.38 ± 0.09 








4 


0.25 


0.38 




HV 


22023+5249 


0.52 ± 0.09 


3.3-3.9 




0.47,0.50 


5 


0.52 


0.55 




HV 


22223+4327 


0.2 ±0.1 








2.6 


0.21 








22272+5435 


0.9 ± 0.2 


1.6,2.7 


8 


0.26,0.39 


4.5 


0.47 




0.43 


CS2 


23304+6147 


1.4 ±0.2 


4.7,5 


5,9 


0.64 


4.5 


0.64 




0.76 


CS2 



Bakke r et al.1 dl997h: T71 Hrivnak & K wok 1 991; r8llWoodsworth et alJdl990h ; [9] Reddy & Parthasarath 



1996); riOl lHrivnaketaU (12000); 



H ll lvan de Steene & van Hood J2003l) ; ri2l lciube & GledhillN2004lK A(V)=1.2. (*) IRAS 16594-4656 is a well known bi-polar PPN which is 
thought to have a high internal extinction (see also Sect. 14.31 ). 



combined effect of the contribution coming from the ISM and 
of the internal extinction produced in the circumstellar shell. 
Making this distinction is generally not important in field stars, 
since for them the latter contribution is negligible. However, 
for the evolved stars in our sample the situation is completely 



different as, in many cases, the observed reddening is almost 
exclusively of circumstellar origin. 

Disentangling interstellar versus circumstellar extinction 
for a given source is a very difficult task, if we need to rely 
only on the available observations. The only option we have is 
to use a statistical approach to estimate whether the observed 
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post-AGB s tars in the sample (c ircles) and for reference stars 
taken from iGuarinosI ( 1988allbL 1997b (small squares). Post- 
AGB stars dominated by circumstellar extinction (DCS-type) 
are indicated by filled circles and they are labeled with their 
IRAS name. 



extinction corresponds preferentially to one or another compo- 
nent. 

For this we have represented in Figure[5]the E(B - V) ver- 
sus galactic latitude distribution of the post-AGB stars in our 
sample and compared this distribution with that shown by fie ld 
stars taken from the catalogue of Guarinos ()Guarinos[l988a,b, 
1 1997b . This catalogue, also used for the study of DB strengths, 
contains observations of 270 early-type field stars homoge- 
neously distributed along the Galactic Plane (but excluding the 
Galactic Bulge), located at a variety of galactic latitudes and for 
which the value of E(B - V) has previously been determined. 

Figure [5] shows clearly that a subsample of post-AGB stars 
are clear outliers in this plot. This indicates that the redden- 
ing excess in these stars must be circumstellar in origin. Other 
sources, however, show a relatively small reddening fully com- 
patible with the values observed in field stars located at the 
same galactic latitude. 

Based on this analysis, we have divided our sample of post- 
AGB stars in two groups according to whether the overall ex- 
tinction observed is more likely to be dominated by the circum- 
stellar contribution (DCS-type stars; filled circles in Figure [3J 
CS1 in Table |4|i or just consistent with the interstellar extinc- 
tion expected according to its Galactic Latitude (rest of stars; 
indicated by open circles in Figure|5]l. 

Note that the above classification is very rough and that it 
just considers a star as belonging to the DCS group if it shows 
a relative large reddening excess with respect to the nominal 
value expected from its galactic location. Stars in which there 
is only a moderate (although possibly significant) contribution 
from the circumstellar shell to the observed extinction may 
have escaped detection. This means that the group of stars not 
classified in the DCS group may still contain sources in which 
the circumstellar contribution to the observed reddening is not 



negligible, and vice versa, those classified DCS may still con- 
tain a significant interstellar dust contribution. 

In order to estimate an upper limit to the contribution of the 
interstellar reddening to the total redd ening we use th e Galactic 
3D-extinction model map by iDrimmel et al.l (12003b that gives 
the mean visual extinction as a function of sky (galactic) co- 
ordinates and distance. The extinction has a projected resolu- 
tion of 0.35° x 0.35° (this is set by the COBE map which is 
used to re-scale the extinction in order for the model to repro- 
duce correct far-infrared flux). It is evident that any small scale 
structure (including the circumstellar contribution of the tar- 
get star) is washed out in these estimates, which nevertheless 
give us information on the global spatial distribution of dust in 
specific directions. We take distance estimates from literature 
where possible (column 3 in Table [U and/or extract the max- 
imum extinction (column 7) and the corresponding distance 
(column 6) for a particular line-of-sight. For high latitudes the 
extinction versus distance curve flattens rapidly, within a few 
kpc. These (upper limit) estimates for the interstellar visual ex- 
tinction, converted to reddening by dividing by the canonical 
value for Ry = 3.1, can then be subtracted from the total ob- 
served reddening and thus yield (lower limit) estimates for the 
circumstellar reddening (column 9). Caution is needed when 
applying these results to derive extinction values for individual 
sightlines. Notwithstanding, we can now review and improve 
our (statistical) classification based on reddening versus lati- 
tude. 

We consider all targets that are estimated to have a (lower 
limit) circumstellar reddening contribution higher than 50% 
of the total observed reddening to be of DCS-type (CS2 in 
Table 0J. From the 1 1 DCS-type targets previously selected, 
on basis of their latitude reddening excess, we find that 9 sat- 
isfy this criterion. For the other 2 targets we can attribute a high 
fraction of the total observed reddening to interstellar dust. 

Among the 22 IS (interstellar) reddening dominated tar- 
gets selected above via their latitude we find 7 targets with a 
non-negligible circumstellar reddening E(B - V)cs > 0.4 mag 
(TableEl indicated CS2). 

IRAS 02229+6208 and IRAS 08544-443 1 are special cases 
because these lines-of-sight show both a strong interstellar and 
circumstellar dust contribution. 

4.4. DB strength in DCS-type post-AGB stars 

Following the above criteria, we find that for 17 (out of 33) stars 
in the sample a significant fraction of the observed reddening is 
due to the presence of circumstellar dust (i.e. DCS-type), while 
for the remaining targets the colour excesses are expected to be 
predominantly due to interstellar dust. 

A comparison of the DB strengths measured in stars be- 
longing to each of the two groups considered above with those 
found in reference field stars is presented in Figure|6] where we 
can see that there is a general trend for the stars with a dominant 
circumstellar extinction contribution (DCS-type) to show much 
weaker DB strengths compared to the rest of post-AGB stars in 
the sample. In the most extreme cases, there are stars in this 
group affected by a large overall extinction in which surpris- 
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ingly some DBs are completely absent, and only upper limits 
to their equivalent width can be reported. In contrast, we find 
a significant number of sources among the rest of post-AGB 
stars in the sample showing DB strengths fully in agreement 
with those observed in field stars. 

For many cases DBs are observed towards the DCS-type 
stars (Figs.[7jto[T5j left panels). In order to assess the circum- 
stellar contribution the observed EW can be corrected by sub- 
tracting the expected DIB EW found by applying the estimated 
interstellar reddening (Table|4| to the respective EW/E(B - V) 
for field stars (Table [3) as well as subtracting the IS redden- 
ing contribution from the total observed reddening. The intro- 
duced uncertainties are quite large due to the scatter on the de- 
rived linear relationships (see above, Section l4"Tl ). In particular 
IRAS 02229+6208 and IRAS 08544-443 require a correction 
for significant IS dust. 

In the other direction, we can correct the IS-type stars (left 
panel of Figs. 171 to [L5l) by subtracting the CS (circumstellar) 
reddening contribution from the total reddening and the cir- 
cumstellar EW/E(B - V) (which we assume to be zero) from 
the observed EW. It shows then that all stars coincide neatly 
with the average Galactic relation. This is most noticeable for 
IRAS 17086-403 and IRAS 17395-0841 which have estimated 
CS contributions of 0.3 and 0.2 mag, respectively). 

In principle, this result supports our initial interpretation 
that the DB carrier(s) may not be present in the circumstellar 
envelopes of post-AGB stars. However, strong variations from 
source to source are still visible in both groups of stars, which 
may be related to other observational properties of the shells 
not yet considered (Significant scatter is also observed for the 
sample of field stars; Sect. 4.1). Indeed, the results obtained 
suggest that some of the DB carriers could be completely ab- 
sent in some of these envelopes while not in others. 

4.5. DB strength vs. chemistry and spectral type 

In order to explore whether other environmental conditions, 
like the dominant chemistry in the shell or the spectral type of 
the central star could also play a role in the differences observed 
between individual stars in the sample, we have further divided 
the two groups defined above in another four subgroups as a 
function of whether the chemistry of the shell is carbon-rich or 
oxygen-rich, or the spectra of the central star is of early-type 
(B-Ajf| or of intermediate-type (F-G). 

We do this because the dominant chemistry of the shell can 
completely determine the formation of specific compounds in 
the circumstellar shell. In oxygen-rich shells we expect to find 
aluminum oxides, amorphous or crystalline (fayalite, enstatite, 
forsterite, etc) silicates, water ice and other main constituents 
of oxygen-rich dust grains. In carbon-rich stars, instead, we can 
find carbon-based constituents, like chains or rings of carbon, 
graphite, hydrogenated amorphous carbon grains, fullerenes, 
nanodiamonds or PAHs. 



5 Note that among the subgroup of early-type stars we have also 
included the few sources in Table [2] which are classified as planetary 
nebulae. 
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Fig. 6. Equivalent width of the 9 DBs selected for analysis as a 
function of E(B - V) for the post-AGB stars in the sample in 
which filled circles represent the subsample of post-AGB stars 
dominated by circumstellar extinction (DCS-type) and open tri- 
angles the rest of stars in the sample. Solid lines again corre- 
spond to the fits derived in this paper for field stars dominated 
by interstellar extinction. The arrows indicate upper limits. 



If a DB carrier had their origin in a compound or constituent 
related to only one of the above chemistries, we would expect 
to observe differences in strength from source to source as a 
function of their particular chemical composition. 

On the other hand, it is also well known that the UV radi- 
ation field plays a crucial role in the processing of the circum- 
stellar dust grains, not only immediately after they are formed, 
while they are still part of the shell, but also later when they 
are released to the ISM. Dust grains in the circumstellar en- 
velopes of post-AGB stars are exposed to increasing doses of 
UV radiation due to the increasing effective temperature of the 
central star during its fast evolution towards the planetary neb- 
ula stage. First, when the central star is still showing late to 
intermediate spectral type, the UV radiation can be neglected, 
both as a consequence of the low effective temperature of the 
central star and because the higher density in the envelope dur- 
ing the early post-AGB stage would effectively protect (at least 
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Fig. 7. Equivalent width of the 6284 A band vs. E(B - V) for 
the group of stars dominated by circumstellar extinction (left 
panel; DCS type) and for the rest of stars in the sample (right 
panel) with different symbols indicating the dominant chem- 
istry and spectral type of the observed stars. The solid line rep- 
resents the behaviour observed in field stars dominated by in- 
terstellar extinction, as deduced from the data shown in Figure 
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temporarily) circumstellar dust grains from the energetic UV 
photons coming from the ISM. These conditions favour the 
formation of large dust grains which can survive in this less 
aggressive environment. Later in the post-AGB evolution the 
central stars become early-type and they start producing a con- 
siderable number of U V photons which may lead to an efficient 
processing of the dust grains in the shell, which in turn is less 
protected and more vulnerable also to the UV radiation field 
coming from the ISM. The combined effect of the UV photons 
coming from the central star and from the ambient ISM is ex- 
pected to accelerate the processing of the dust grains, leading 
to new species like molecules, radicals (more or less complex) 
and other byproducts resulting from the partial or total evap- 
oration of the grains, which will eventually be released to the 
ISM. Indeed, these byproducts could be the actual carriers of 
the DIBs commonly observed in the ISM. 

If DB carriers are only related to the byproducts of the de- 
composition of these large circumstellar grains, we would ex- 
pect to observe a deficit in DB strengths in post-AGB stars, 
only while the central stars are still showing a relatively low 
effective temperature. 

Both effects can be combined, and it may also happen that 
the DB carriers are related to the byproducts of only a particular 
class of grains associated to a given dominant chemistry. In 
this case, we will be able to detect significant differences from 
source to source, both as a function of the spectral type of the 
central star as well as of the dominant chemistry in the shell. 

In the next section we will analyse the influence of these en- 
vironmental conditions (dominant chemistry and spectral type) 
on the observed results for each of the 9 DBs under study in 
our sample of post-AGB stars. 



4.6. Analysis of individual bands 

4.6.1 . Analysis of the 6284 A band 

The 6284 A band is not only the strongest (EW/E(B - V) = 
0.90 A/mag in the ISM) but also the broadest band included in 
our analysis. As such, it is relatively easy to measure, in spite of 
the contamination by telluric lines already shown in Figure [3] 
which must be carefully removed. 

In Figure|7]we show the results obtained as a function of the 
dominant chemistry and of the spectral type of the central star 
for each of the two main subgroups identified in our sample. 

The strength of the 6284 A band as a function of E(B - V) 
for the group of stars dominated by circumstellar extinction is 
presented in the left panel, while the results obtained for the rest 
of stars in our sample is shown in the right panel. As we can 
see, it is obvious that the post-AGB stars belonging to the DCS 
group show DB strengths systematically below those observed 
in the ISM (represented by the solid line). 

Actually, in some cases this band is so weak than 
we can only determine an upper limit for its equivalent 
width. This is the case for IRAS 17436+5003 (oxygen- 
rich; F type), IRAS 18025-3906 (oxygen-rich; G type) and 
IRAS 18062+2410 (oxygen-rich; B type). It must be noted that 
the quality of the available spectra for these four stars is good 
enough to discard a non-detection which could be attributed to 
a poor signal-to-noise ratio. 

Even for IRAS 16594-4656 (carbon-rich; B-type), the star 
with the second strongest feature in our sample, we find that 
the 6284 A band is a factor of two weaker than expected for its 
high value of E(B - V). This star is a well-known bipolar proto- 
planetary nebula which seems to be affected by a high internal 
extinction. 

For IRAS 06530-0213 the band strength is typical for the 
total observed reddening being due to interstellar dust. On the 
other hand, the interstellar and circumstellar reddening con- 
tributions are estimated to be 1.3 and 0.4 mag, respectively 
(Sect. l4~3l >. Though this could indicate the presence of circum- 
stellar DBs it should be noted that this line of sight lies in the 
galactic plane (GLAT = -0.13 degrees) and the interstellar red- 
dening could be underestimated by the extinction model. 

Remarkably, we find stars with a very weak band in all the 
subgroups, irrespective of the dominant chemistry and spectral 
type considered. This almost completely rules out the possi- 
bility of the 6284 A band being generated in the circumstellar 
envelope of post-AGB stars, at least in the same proportion as 
in the ISM. 

In contrast, in the right panel we can see that in general the 
rest of stars in the sample show a trend which is very similar 
to the one observed in the field stars in which the extinction is 
dominated by the interstellar contribution. 

4.6.2. Analysis of the 5780 A band 

This DB has a EW/E(B - V) = 0.46 A/mag in the ISM, so it 
is the second most intense after the 6284 A band. In this par- 
ticular case, it is important to remark that the spectral region 
corresponding to this band can be contaminated by the pres- 
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Fig. 8. Same as Figure|7] for the 5780 A band. Fig. 10. Same as Figure|7] for the 6614 A band. 
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Fig. 9. Same as Figure|7] for the 7224 A band. 

Fig. 11. Same as Figure|7] for the 5797 A band. 



ence of photospheric lines, which makes the evaluation of the 
band strength very difficult in stars with intermediate and late 
spectral types. 

Note that to distinguish weak features from weak stellar 
lines or telluric contaminations is not always a simple task and 
makes it necessary to use detailed stellar models (to subtract 
the atmospheric features) and high resolution spectroscopy (to 
properly remove undesired contaminations), as the only way to 
derive the accurate strength of the band, which is beyond the 
scope of this work. 

In Figure [8] we show the equivalent width of the 5780 A 
band vs. E(B - V) for each of the two main subgroups in which 
we have divided the sample. In the group of stars dominated by 
circumstellar extinction (left panel) we observe again strengths 
significantly weaker than those expected in stars for which the 
extinction is mainly of interstellar origin, represented by the 
solid line. 

The non-detection of this DB in IRAS 05341+0852 
(carbon-rich; F-type), despite the large value of E(B - V)cs 
w 1.5 mag, is remarkable. This clearly suggests that the car- 



rier of this band is completely absent at least in the envelopes 
of carbon-rich stars with intermediate spectral types. A similar 
conclusion can be derived for oxygen rich stars with interme- 
diate spectral types from the very weak strength observed in 
IRAS 18025-3906 (oxygen-rich; B-type). 

Unfortunately, the spectrum available for 
IRAS 16594-4656 does not cover the spectral range cor- 
responding to this band, so we cannot extend the above 
conclusion to carbon-rich stars with earlier spectral types 
based on our data. 

As in the case of the 6284 A band, we can also observe in 
the right panel of Figure [8] that the rest of stars in the sample 
not identified as dominated by circumstellar extinction show a 
position in the diagram which is, overall, in better agreement 
with the results obtained for field stars in which the extinction 
is mainly of interstellar origin. 
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Fig. 12. Same as Figure|ll for the 6993 A band. 



Fig. 14. Same as Figure|7] for the 5850 A band. 
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Fig. 13. Same as Figure[7] for the 6379 A band. 




Fig. 15. Same as Figure|7] for the 6196 A band. 



4.6.3. Analysis of the 7224 A band 

This DB is not usually analysed in the literature because it is 
strongly affected by telluric contamination. As in the case of the 
6284 A band, we have carefully eliminated this contribution 
by dividing the normalised spectrum by the spectrum of the 
unreddened target HD 172324 (see Sect.©. 

In Figure [9] we show the equivalent width of the 7224 A 
band vs. E(B - V) for each of the two main subgroups iden- 
tified in our sample. As for the two previous features, we find 
strengths which are much weaker than those measured in field 
stars in the subgroup formed by the stars in which the circum- 
stellar contribution to the overall extinction is dominant (DCS; 
left panel). This again suggests that this band is not formed in 
the circumstellar envelope of post-AGB stars. 

Again, the measured intensity of the 7224 A band in 
IRAS 16594-4656 is rather weak and, once more, we find sev- 
eral non-detections: IRAS 05113+1347 (carbon-rich star) and 
IRAS 18062+2410. The latter case is remarkable because this 
is an oxygen-rich star with a B spectral type, where we have 



neither detected the 6284 A band. The non-detection of DBs 
in oxygen-rich envelopes around post-AGB stars indicates that 
the DB carriers are probably not generated in oxygen-rich 
environments. The absence of the band in the specific case 
of IRAS 18062+2410 suggests that they are neither produced 
even when the central star temperature is hot enough to produce 
high levels of UV irradiation on the (oxygen-rich) circumstellar 
grains. 

For the rest of stars in the sample (Figure |9j right panel) 
we find again a behaviour which seems to follow very well the 
general trend observed in reference stars affected only by inter- 
stellar extinction. The exception is IRAS 17086-2403 (carbon 
rich star) for which we detect no DBs. 

4.6.4. Analysis of the 6614 A band 

In Figure [10] we show the results of our analysis applied this 
time to the 6614 A band. 

In the left panel we show the equivalent widths measured 
in the subgroup of post-AGB stars dominated by circumstel- 
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lar extinction. As for the other bands, we see strengths which 
are systematically weaker than in the reference stars dominated 
by interstellar extinction, represented by the solid line in the 
diagram. The only non-detection in this case corresponds to 
IRAS 18062+2410, which we have previously pointed out as 
non-detected in the analysis made for the bands centred at 6284 
and 7224 A. The weak strength of this DB in IRAS 1 6594-4656 
(carbon-rich, B type) is found to be again compatible with the 
absence of its carrier in the circumstellar envelope of this star, 
and confirms that the overall extinction affecting this source 
is the result of a quite similar contribution from the ISM and 
from the circumstellar material. The 6614 A DB detected to- 
ward IRAS 06530-02 1 3 is unusually strong for DBs in the DCS 
group and even with respect to the Galactic relationship. As 
mentioned earlier for the 6284 A band toward the same target, 
this could point, for this particular source, towards the presence 
of circumstellar DBs or, perhaps more likely, an underestima- 
tion of the interstellar reddening. 

For the rest of stars (right panel), as usual, we find that 
most of them are located in the region of the diagram cor- 
responding to the field stars dominated by interstellar ex- 
tinction. In this case, we would like to remark only the 
slightly discrepant position occupied by the oxygen-rich, F- 
type star IRAS 17245-3951 not yet previously identified as 
outlier in the above discussion. Again, the carbon rich star 
IRAS 17086-2403 shows very weak DBs. 

4.6.5. Analysis of the 5797 A band 

This DB has been included in numerous studies in the literature 
because of its proximity to the nearby 5780 A band. This has 
allowed a comparative analysis of their relative intensities in 
different astrophysical environments. 

The 5797 A band has a lower sensitivity to the extinction 
EW/E{B - V) = 0.17 A/mag when it has been measured in the 
ISM, compared to the previous DBs. Similar to the adjacent 
5780 A band, it is necessary to take into account in our analysis 
the possible contamination due to the presence of atmospheric 
stellar lines in this spectral range in stars of intermediate and 
late spectral types, as it can affect our measurements. 

In FigureQT]we show the equivalent width of this band vs. 
E(B - V) as it has been measured from the available spectra for 
each subgroup of stars in which we have divided the sample. 
For stars in the DCS group (left panel), all post-AGB stars are 
found to show DB strengths which are considerably weaker 
than in the field stars, consistently with the results found in the 
other bands analysed so far. 

Among the non-detections, we emphasize 
IRAS 05341+0852 (carbon-rich, F type) taking into ac- 
count its large extinction E(B - V)cs = 1.5 mag. We recall that 
this star was also found to show no indication of the presence 
of the accompanying feature at 5780 A. 

Unfortunately, the spectrum of IRAS 16594-4656 does not 
cover the wavelength corresponding to this DB (as it happened 
with the 5780 A band). 

In the right panel (rest sample) the line-of-sight toward 
IRAS 17086-2403 shows again a conspicuous absence of DBs. 




5896 

Wavelength (angstrom) 



Fig. 16. The complex profile of the Na i Di line, as observed in 
IRAS 04296+3429. 



4.6.6. Analysis of the 6993 A band 

This band is also among the ones not usually analysed in the 
literature, likely because of the presence of telluric lines in 
the spectral range adjacent to this band but also because of 
the intrinsic weakness of this DB, for which EW/E(B - V) = 
0.12 A/mag in the ISM. 

In Figure[T2]we show the results of our analysis for this DB 
for each of the subgroups in which we have divided the sample, 
again as a function of the dominant chemistry and the spectral 
type of the central star. 

The results obtained are once more consistent with previous 
analysis performed for other DBs. We find a better agreement 
with the values obtained in reference stars dominated by inter- 
stellar extinction for the sources in the right panel, although in 
this case the effect is not so evident as in the previous analysis 
due to the larger errors associated to the measurements. 

Consistent results, although more sensitive to measurement 
errors, are obtained when the features at 6379, 5850 and 6196 A 
are analysed (see Figures [T3l[T4l and[T5]). 

4.7. Radial velocity analysis 

An additional way to check whether our conclusions are con- 
sistent with the available observational data is to analyse the 
Doppler velocities associated to the DBs detected in our stars. 

The overall strategy consists of comparing these Doppler 
velocities with the radial velocities associated either to the at- 
mospheric stellar absorptions or to the nebular and recombina- 
tion emission lines sometimes detected in our spectra. In gen- 
eral, atmospheric and nebular lines are expected to match each 
other within the errors unless the central star is part of a binary 
system or the nebular shell shows a complex morphology. 

If the DBs detected are formed in the circumstellar en- 
velopes of these stars, we should measure Doppler velocities in 
these bands consistent with the characteristic radial velocities 
derived from the absorption and/or emission lines identified in 
the stellar spectra. 
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Fig. 17. Velocities of the DBs and the stellar and interstellar 
absorption lines and the nebular emission line components for 
each target are plotted per panel. The y-axis is in arbitrary 
units. The x-axis is the LSR velocity in km s _1 , with big tick- 
marks separated by 50 km s _1 . Note that the width of the pan- 
els are identical, i.e. 200 km s , but the central velocity of 
each is shifted to show all lines for each target. Error bars are 
<10km s _1 for stellar lines, <20km s _1 for DBs and <5 km s _1 
for the sodium and potassium components. Targets dominated 
by circumstellar reddening are labeled 'DCS' and high radial 
velocity targets are labeled 'HV The stellar and DB veloc- 
ity components can be directly compared to those of neutral 
sodium and potassium in either emission (upward arrow) or 
absorption (downward arrow) plotted at the top of each panel. 

In Table [6] (Online only) we give the radial velocities (in 
km s ), measured with respect to the Local Standard of Rest 
(LSR), associated to several atoms and ions, as derived from 
various atmospheric stellar absorptions and nebular emission 
lines identified in the stars of our sample. In addition, we also 
display the measurements made in Ha at 6563 A and in the He i 
line at 6678 A. In the case of the atmospheric absorption lines 
shown in Table|6]the average velocity derived from several line 
measurements corresponding to various ions of the elements 
C, N, O, Si and Fe is presented. For the nebular lines, we have 
only considered the forbidden lines of [Nn] and [Sn], found 
around Ha. The typical uncertainties are of the order of 5-10 
km s _1 . 

In addition, in Table [7] (Online only) we present the ve- 
locities derived from the analysis of the NaiD (5889.95 and 
5895.92 A) doublet and of the Ki (7698.97 A) line, which are 
in most cases also well detected in our spectra (uncertainties 
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Fig. 17. (continued). 

are ~ 3 to 5 km s _1 ). These lines, like the DBs that we want 
to analyse, usually originate in the ISM, but they can also form 
in the circumstellar shell. In this case, the circumstellar compo- 
nent usually appears in emission over the interstellar absorption 
(see Figure \l6[. In general, these lines show very complex ab- 
sorption profiles as they reflect the different velocities of the 
clouds located along the line of sight. In some of our stars the 
circumstellar component may contribute significantly to the ob- 
served profile and can be used as a further test to identify the 
origin of analogue velocity components which may be present 
in our favourite DB. 

Table[8](Online only) shows the radial velocities associated 
to the DBs observed in the stars of our sample, which can then 
be compared to the velocities provided in Tables|6]and|7] 

It is important to take into account that deriving velocities 
for DBs is in many cases a complicated task, especially if the 
features under analysis are weak in strength. In general, the 
Doppler shift measurements are determined by assuming that 
the absorption peak is a good approximation to the centre of 
the feature. We estimate that, on average, the errors in Table [8] 
may be affected by errors of the order of 10-20 km s _1 . 

Comparing Tables [6] and [7] we observe that in most cases 
there is at least one velocity component associated to the 
sodium doublet or the potassium line, either in emission or in 
absorption, that can be interpreted as having a stellar or circum- 
stellar origin. The circumstellar nature of these lines is easy 
to determine when they are found in emission. The radial ve- 
locities measured in this case are usually coincident with the 
systemic velocity of the post-AGB star. The few cases found in 
which our measurements do not support this statement are indi- 
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Fig. 17. (continued). 

cated with an asterisk in Table [7] and Fig. [17] They correspond 
to very complex Na i D line profiles in which the circumstellar 
emission appears over-imposed to the interstellar absorption. 

Figure [17] shows, for ease of comparison, the velocities of 
the DBs and the (inter-)stellar absorption and emission com- 
ponents for each target. For the majority of the targets these 
graphs show consistent velocities for the stellar lines. DB ve- 
locities are also consistent with each other. For several cases 
the nebular (emission) lines are significantly shifted with re- 
spect to the atmospheric lines {e.g. IRAS 17245-3951) due to 
binarity of the system and/or a complex wind structure. These 
stellar and DB velocity components can be directly compared 
to those of neutral sodium and potassium in the respective line- 
of-sight. 

If DB carriers are present in the circumstellar envelopes of 
some of the post-AGB stars in our sample, we would expect to 
find as well matches between the velocities shown in Table [8] 
and those in Table [6] (see Figure [T8Tl. especially for those stars 
in which we have detected circumstellar Na i in emission be- 
longing to the DCS group. Remarkably, in not any case we 
find values consistent with the velocities associated to the DBs 
which cannot be explained as a natural consequence of inter- 
stellar clouds with a similar velocity present in the line of sight. 

The inconsistency between velocities is more obvious if we 
have a look at those stars showing very high radial velocities 
(HV in Table @] and Fig. [TTT l. Several of the HV targets have 
radial velocities larger than 100 km s . Such large velocity 
differences are comparable t o those measured for successfully 
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Fig. 18. The 5850 A band observed in the high radial veloc- 
ity (~ 100 km s" 1 ) sample star IRAS 191 14+0002 (solid line). 
The non-detection of this feature at the Doppler-shifted veloc- 
ity corresponding to the central star (dashed line) confirms the 
interstellar nature of the band and the absence of a circumstel- 
lar component. The potassium and sodium velocity structures 
are shown in the bottom panels in order to illustrate the dis- 
tribution of interstellar medium in this line of sight. A narrow 
sodium emission line is seen in the middle panel. The two ar- 
rows in the bottom most panel indicate two telluric features 
next to the potassium line. 



In the top panel of Fig. [18] we illustrate the radial ve- 
locities difference expected between the interstellar (solid 
line) and circumstellar (dashed line) DBs for the HV target 
IRAS 19114+0002. The narrow 5850 A CS DB (shifted to 
the stellar radial velocity) would be well separated from the 
observed (IS) DB. The atomic line profiles of sodium (mid- 
dle panel) and potassium (bottom panel) are shown to indicate 
the ISM distribution in this line of sight. Note also the narrow 
sodium emission. 

In none of the stars is it possible to assign DBs to nebular or 
stellar lines exclusively. This strongly supports our conclusion 
that the DBs detected toward the post-AGB stars in our sample 
are not originated in their circumstellar envelopes. 

Globally considered, the radial velocity analysis here pre- 
sented gives more strength to our proposed scenario, in which 
the DB carriers are suggested to be not present in the cir- 
cumstellar envelopes of post-AGB stars, or at least not un- 
der the excitation conditions necessary to produce the transi- 
tions that we identify as DBs in the ISM. Targets that show 
large velocity differences between interstellar and circumstel- 
lar lines and that show significant circumstellar reddening {e.g. 
IRAS 17086-2403, IRAS 17423-1755, IRAS 18025-3906 and 
IRAS 18062+2410) provide the best candidates to search for 
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the presence of (weak) circumstellar DBs separated from the 
interstellar DBs. Our current spectra are of insufficient quality 
to search for these weak features next to the observed DIBs. 
Note that both CS and IS DBs could coexist. And, if separated 
by more than their FWHM (~ 40 - 60 km s _1 for narrow DBs) 
the central velocity of the IS and (possibly) CS DB would not 
be affected by each other. 

5. Conclusions 

The equivalent widths of 9 DBs commonly found in the ISM 
have been determined for a representative sample of galac- 
tic post-AGB stars displaying a wide variety of observational 
properties. We present here the results of our extensive survey 
to look for DBs in envelopes of evolved stars. 

We have carefully disentangled the observed extinction by 
assessing the expected interstellar extinction for each of the ob- 
served targets. This allowed us to select a sub-sample of targets 
whose line of sight reddenings are dominated (> 50%) by cir- 
cumstellar dust. 

In general, the strengths of the DBs are found to follow the 
same correlation with E(B - V) observed in field stars only 
in those sources showing little circumstellar contribution to 
the overall reddening. In contrast, DBs are weak or absent in 
sources dominated by circumstellar reddening, irrespective of 
the dominant chemistry and spectral type of the central star, al- 
though our conclusions should be taken with caution due to the 
relatively small sample size. 

The results obtained suggest that the carrier(s) of the DBs 
do not form or at least they are not "available" to produce any 
detectable spectral feature during the post-AGB phase. The car- 
riers, if present in the circumstellar envelope of these stars are 
not found under the environmental conditions needed to excite 
the transitions which we identify as DBs in the ISM. 

The radial velocity analysis of the features observed in in- 
dividual sources confirm this result, as the Doppler shifts mea- 
sured are always found to be consistent with an interstellar ori- 
gin for the bands observed. 

DB carriers may be carbonaceous species or radicals at- 
tached to large organic molecules, trapped in lattice or more 
complex structures, or constituents of the mantle of circumstel- 
lar dust grains which are liberated to the ISM only after strong 
UV irradiation (either UV photons from the central star or from 
the more energetic interstellar UV field). 

In this sense, the identification of the carriers as strongly 
ionised PAHs and/or radicals liberated from carbonaceous 
species as a consequence of photo-evaporation of dust grains 
in the ISM looks tempting and would be consistent with our 
observations. 

However, we do not find any evidence of the carbonaceous 
nature of the carrier(s) in our sample stars, something generally 
accepted in the literature, nor any correlation with the presence 
of PAHs in the mid-infrared spectrum of these sources, as it has 
been claimed by several authors in the past. 

If DBs are connected with PAHs or with any other carbona- 
ceous species such as the ones suggested in the introduction of 
this paper, their carrier(s) must form at a later stage, probably 
under different excitation conditions, once the envelope of the 



post-AGB star is totally diluted in the interstellar medium as a 
result of the expansion of the shell. 
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Table 5. Equivalent width measurements (in A) corresponding to the 9 DBs analysed in our sample of post-AGB stars. 



IRAS Name 


5780 


5797 






5850 






6196 


EW(A) 
6284 




6379 




6614 






6993 


7224 


01005+7910 


0.08 + 0.04 


0.021 + 0.009 






<0.01 


0. 


.029 


+ 0.009 


0.18 ±0.09 


0.025 


± 0.009 


0. 


.045 + 0.009 


0. 


.034 


+ 0.009 


<0.01 


02229+6208 


0.18 + 0.06 


0.043 + 0.009 






? 


0. 


076 


+ 0.009 


0.87 ± 0.09 


0.053 


± 0.009 




? 


0. 


012 


+ 0.009 


? 


04296+3429 


0.20 + 0.06 


<0.03 






— 






? 


0.66 ± 0.08 


0.058 


+ 0.009 




0.16 ±0.01 






— 


? 


05113+1347 


0.27 ± 0.06 


< 0.04 






? 






? 


? 




7 


0. 


.045 ± 0.009 






— 


<0.02 


05251-1244 


0.09 ± 0.03 


0.028 + 0.009 





.012 


± 0.009 


0. 


006 


± 0.009 


0.28 ± 0.08 


0.023 


+ 0.009 





014 + 0.009 






<0.04 


<0.02 


05341+0852 


<0.06 


<0.04 






— 






? 


? 


0.052 


+ 0.009 




? 





050 


+ 0.009 


0.12 ±0.02 


06530-0213 


— 


— 






? 






? 


1.69 ±0.08 


0.020 


+ 0.006 





.556 ± 0.008 






— 


— 


07134+1005 


0.039 ± 0.006 


0.014 + 0.004 





Oil 


+ 0.004 






? 


<0.09 




< 0.003 


0. 


.112 ± 0.009 






— 


<0.01 


08005-2356 


<0.04 


0.035 + 0.009 





.024 


± 0.009 






< 0.01 


7 




< 0.009 




<0.01 






<0.02 


7 


08143-4406 


— 


— 


0. 


.045 


± 0.004 






< 0.005 


1.23 ±0.03 


0.052 


+ 0.002 





.228 + 0.005 





061 


+ 0.008 


0.202 ± 0.009 


08544-4431 


0.37 + 0.01 


? 


0. 


.048 


± 0.004 


0. 


014 


±0.004 


0.58 + 0.03 


0.072 


+ 0.004 





170 ±0.003 


0. 


.072 


+ 0.006 


0.161 ±0.007 


12175-5338 


0.12 ±0.01 


0.014 + 0.006 





.017 


± 0.005 


0. 


.026 


± 0.004 


0.29 ± 0.02 




< 0.004 





.034 + 0.004 






— 


< 0.008 


16594-4656 


— 


— 





.075 


± 0.007 


0. 


.057 


± 0.005 


1.19 ± 0.04 


0.082 


+ 0.006 


0. 


.204 + 0.007 


0. 


.072 


+ 0.008 


0.164 ±0.007 


17086-2403 


0.29 + 0.07 


< + 0.06 






<0.04 






<0.02 


<0.1 




<0.04 




0.04 + 0.03 






<0.1 


<0.05 


17097-3210 


— 


— 





030 


+ 0.006 


0. 


019 


± 0.004 


0.13 ±0.04 


0.041 


± 0.004 





.079 + 0.005 


0. 


.050 


+ 0.006 


0.107 ±0.006 


17150-3224 


— 


— 


0. 


.023 


± 0.007 






? 


1.10 ±0.06 


0.027 


+ 0.007 


0. 


.200 + 0.006 





.086 


+ 0.009 


0.327 + 0.007 


17245-3951 


— 


— 






< 0.007 






? 


0.93 ± 0.06 


0.025 


+ 0.006 


0. 


065 + 0.009 





055 


+ 0.008 


0.190 ± 0.007 


17395-0841 


0.20 ± 0.07 


0.07 + 0.03 






<0.03 




0.06 ± 0.03 


0.65 + 0.09 


0.040 


+ 0.009 




0.20 + 0.02 






<0.06 


0.165 ±0.065 


17423-1755 


0.40 ± 0.04 


0.05 + 0.03 






<0.06 





.027 


± 0.009 


? 




<0.03 




0.12 ±0.02 






<0.08 


? 


17436+5003 


? 


< 0.003 





.007 


± 0.003 


0. 


.005 


± 0.003 


<0.02 


0.010 


+ 0.003 




? 






— 


? 


18025-3906 


0.034 + 0.009 


0.058 + 0.009 






<0.02 






< 0.005 


<0.05 


0.020 


± 0.006 





.085 + 0.007 


0. 


.032 


+ 0.009 


? 


18062+2410 


?0.02 


0.03 + 0.02 






<0.01 






<0.01 


<0.04 




< 0.01 




<0.01 





034 


+ 0.009 


<0.04 


HD 172324 


0.068 ± 0.004 


0.049 + 0.004 






? 






< 0.002 


<0.02 




< 0.004 




< 0.006 






<0.01 


< 0.007 


19114+0002 


0.29 + 0.03 


<0.02 





.063 


± 0.004 





.033 


± 0.003 


0.33 ± 0.07 


0.046 


+ 0.002 




? 





059 


+ 0.006 


0.105 ±0.006 


19200+3457 


? 


? 






? 






? 


7 




7 




7 






7 


<0.07 


19386+0155 












0. 


.042 


± 0.004 


0.44 + 0.04 


0.062 


+ 0.006 





.138 ±0.009 


0. 


.075 


+ 0.009 


0.134 ±0.008 


19500-1709 


0.058 + 0.006 


0.046 + 0.004 






< 0.003 


0. 


.025 


± 0.002 


0.23 + 0.02 


0.009 


± 0.004 





069 + 0.004 








0.040 ± 0.007 


20000+3239 


0.50 + 0.03 


? 






? 


0. 


074 


± 0.009 


1.63 ±0.09 


0.026 


+ 0.009 




? 








0.32 + 0.02 


20462+3416 


0.16 + 0.02 


0.063 + 0.009 





.030 


± 0.009 


0. 


034 


± 0.007 


0.59 ± 0.04 


0.038 


+ 0.009 


0. 


109 ±0.009 








0.06 + 0.02 


22023+5249 


0.38 + 0.02 


0.10 ±0.02 


0. 


.013 


+ 0.009 





.051 


± 0.007 


0.85 + 0.07 


0.019 


+ 0.009 


0. 


.130 ±0.009 





.041 


+ 0.009 


0.12 ±0.02 


22223+4327 


0.035 ± 0.009 


? 






? 






< 0.005 


0.27 + 0.03 


0.005 


+ 0.006 




? 








? 


22272+5435 


? 


? 






? 






< 0.02 


7 




<0.04 




? 








? 


23304+6147 


0.37 ± 0.02 


? 






? 


0. 


110 


± 0.009 


0.90 ± 0.07 


0.044 


± 0.009 




? 








? 



?: contamination by atmospheric stellar lines or poor S/N; 



— : spectral range not covered. 
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Table 6. Radial velocity measurements (in km s _1 ) associated to several atmospheric stellar and nebular lines detected in the 
post-AGB stars of our sample. 



IRAS Name 


Ha 
6563 


He i 
6678 


C 


N 





Si 


Fe 


[Nil] 
6548 


[Nil] 
6583 


[Sn] 
6716 


[Sn] 

6730 


01005+7910 


-34 e 


-76 P 


-31 


-37 


-32 


-38 











-41 


-38 


02229+6208 


29 a 











23 


21 


26 














04296+3429 


4a 


-11 a 





-4 


-8 


-4 


-9 














05113+1347 


-4 a 





-7 


-13 


-13 


-14 


-10 














05251-1244 


44 e 


40 e 


41 








44 





32, 57 


31,55 


31,57 


32, 58 


05341+0852 


39 a 


18a 


44 


22 


20 


29 


23 














06530-0213 


39 a 


22 a 


36 


30 


34 


33 


39 














07134+1005 


54 a 





68 


87 


90 


84 


67 














08005-2356 


85 P 


59 P 


34 


27 


52 


35 


35 














08143-4406 


40 a 


_ 


66 


40 


38 


35 


37 














08544-4431 


90 P 


43 a 


45 


45 


54 


46 


48 














12175-5338 


28 a 






















16594-4656 


15 P 


-2 a 


-14 


-14 


-22 


-19 


-17 








-7 


-7 


17086-2403 


99 e 





120 


93 


97 


99 


107 


95 


94 


97 


96 


17097-3210 


35 a 


15 a 


26 


39 


-18 





-1 














17150-3224* 


5P 





41 


52 


32 


40 


3 


8 


5 


6 


6 


17245-3951* 


14 P 


-83 a 


-36 


-92 


-81 


-76 


-77 


20 


20 


-16 


-14 


17395-0841 


87 e 


87 e 


_ 


_ 


_ 


_ 


66 


113 


113 








17423-1755 


96 e 


83 e 


76 


73 


83 


79 












17436+5003 


-55 a 


-56 a 


-48 


-50 


-48 


-48 


-50 














18025-3906 


-104 a 


-89 a 


-88 


-111 


-80 


-94 


-101 


— 


— 


— 


— 


18062+2410 


78 e 


30 a 


88 


72 


74 


70 




70 


69 


72 


70 


HD 172324 


-72 e 


-117 a 


-67 


-108 


-112 


-115 


-115 










19114+0002 


110 a 


89 a 


125 


114 


106 


101 


102 










19200+3457 


7P 


-5 a 


-8 


5 


1 


3 












19386+0155 


25 a 


15 a 


19 


25 


29 


25 


24 










19500-1709 


20 P 


4a 




24 


24 


27 


25 










20000+3239 


22 a 


6a 


18 


13 


11 


4 


11 










20462+3416 


-68 e 


-44 P 


-76 


-79 


-92 


-75 




-73 


-77 


-75 


-76 


22023+5249 


-136 e 


-114e 


-122 


-139 


-133 


-133 


-131 


-134 


-136 


-133 


-134 


22223+4327 


-24 e 


-37 a 


-12 


-27 


-25 


-28 


-28 










22272+5435 


-28 a 


-38 a 


-35 




-32 


-37 


-26 










23304+6147 


-15 a 






-16 


-15 















P: P-Cygni profile; a: absorption; e: emission; * : different atmospheric and nebular velocities 
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Table 7. Radial velocity measurements (in km s" 1 ) associated to the NaiD (5889.95 and 5895.92 A) and Ki (7698.97 A) lines 
detected in the post-AGB stars of our sample. 



IRAS Name 


Ki 7699 A 
emission absorption 


Nai 5890 A 
emission absorption 


Nai 5896 A 
emission absorption 


01005+7910 * 


n.d. 


1, -6 


20 


-65, -41, -1 


21 


-65, -42, -1 


02229+6208 


n.d. 


12, 29 


n.d. 


-2, 25 


n.d. 


-2,24 


04296+3429 * 


-7 


-18, 58 


21 


-17, 6, 56 


21 


-16, 6, 56 


05113+1347 * 


n.d. 


-17,2 


-44 


-17,6 


-43 


-18,5 


05251-1244 


n.d. 


6 


n.d. 


4, -11 


n.d. 


5, -11 


05341+0852 


n.d. 


14 


23 


21 


23 


21 


06530-0213 






n.d. 


25,47 


n.d. 


25, 46 


07134+1005 


n.d. 


93 


n.d. 


29, 39, 91 


n.d. 


28, 40, 92 


08005-2356 * 


n.d. 


24, -8, 48 


-30 


-47, 19 


-30 


-52, 17 


08143-4406 


n.d. 


19, 4, 35 


n.d. 


16, 42, 61 


n.d. 


17, 42, 61 


08544-4431 


n.d. 


27 


n.d. 


-42, 15, 39 


n.d. 


-41, 16, 43 


12175-5338 


n.d. 


-5 


31 


-27,-6,31 


32 


-27, -5, 32 


16594-4656 * 


n.d. 


-10, -41,5 


14 


-29,6 


13 


-29,8 


17086-2403 * 


n.d. 


12 


-6 


17 


-5 


14 


17097-3210 


n.d. 


5 


n.d. 


-29,3 


n.d. 


-29, 3 


17150-3224 


10,21,2 


n.d. 


10 


5 


10 


2 


17245-3951 


-1,27 


-86, -57 


19 


-98, -63, -31 


19 


-98, -66, -31 


17395-0841 


n.d. 


17, 3 


2 


-1 


3 


-2 


17423-1755 


n.d. 


11 


3,72 


n.d. 


3, 71 


n.d. 


17436+5003 


n.d. 


-50 


n.d. 


-66,-19 


n.d. 


-65, -19 


18025-3906 


n.d. 


-89, -73 


n.d. 


-121, -34, 8 


n.d. 


-121, -31, 10 


18062+2410 






75 


3,20 


67 


3, 13 


HD 172324 


n.d. 


6 


n.d. 


-28,7 


n.d. 


-28,8 


19114+0002 


n.d. 


10, 67, 83 


n.d. 


11, 64, 127 


n.d. 


12, 65, 123 


19200+3457 






6 


8 


7 


9 


19386+0155 


n.d. 


10 










19500-1709 


n.d. 


4, 22, -9 


n.d. 


2, 12, 20 


n.d. 


2, 14, 22 


20000+3239 


n.d. 


2, 13 


n.d. 


-2, 21 


n.d. 


2, 21 


20462+3416 


n.d. 


-21, -8 


n.d. 


-25, -6, 19 


n.d. 


-26, -7, 17 


22023+5249 


n.d. 


-23 


27, -130 


-46,2 


27, -131 


-46,4 


22223+4327 


n.d. 


-2, -30, -43 


n.d. 


-42,-18,0 


n.d. 


-44, -18,0 


22272+5435 


n.d. 


-41 


n.d. 


-41,-4 


n.d. 


-41,-4 


23304+6147 * 


n.d. 


-1, -12, -29 


24 


-52, -29, -7 


24 


-53, -29, -7 



*: emission over absorption; — : spectral range not covered; n.d.: non detected 
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Table 8. Radial velocity measurements (in km s _1 ) associated to the DBs detected in the post-AGB stars of our sample. 



Diffuse band 



IRAS Name 


5780 


5797 


5850 


6196 


6284 


6379 


6614 


6993 


7224 


01005+7910 


-16 


29* 





-2 


-9 


2 


-12 


-16 





02229+6208 


32 


-3* 


— 


33 


52 


22 


— 


24 


— 


04296+3429 


66 


— 


— 


— 


55 


59 


60 








05113+1347 


8 


— 


— 


— 


— 


— 





— 


— 


05251-1244 


-3 


11 


20 





29 


-14 








— 


05341+0852 












4 





15 


37 


06530-0213 


— 





— 


— 


26 


33 


12 


— 


— 


07134+1005 


-5 


-14 


2 


— 


— 


— 


5 


— 





08005-2356 


— 


30 


36 














08143-4406 


— 


— 


6 


— 


20 


12 


24 


16 


16 


08544-4431 


23 





16 


-45* 


19 


17 


28 


5 


8 


12175-5338 


11 


2 


-8 


-7 


-6 


— 


-4 


— 


— 


16594-4656 


— 


— 


9 


6 


9 


6 


2 


-4 


-3 


17086-2403 


14 


— 


— 


— 


— 


— 


2 


— 


— 


17097-3210 


— 


— 


3 


5 


5 


-4 


5 


13 





17150-3224 


— 


— 


-1 


— 


-2 





9 


-3 


1 


17245-3951 


— 


— 


— 





27 


-7 


5 


16 


22 


17395-0841 


-10 


17 


— 


8 





3 


3 


— 


-4 


17423-1755 


15 


9 


— 


9 


— 


— 


12 


— 





17436+5003 








23 





— 


19 


— 


— 


— 


18025-3906 


7 


-35* 











-36* 


24 


19 





18062+2410 




15 












-1 




HD 172324 


39 


-29* 
















19114+0002 


34 




6 


19 


12 


8 




-5 


29 


19200+3457 




















19386+0155 








5 


8 


3 


6 


4 


9 


19500-1709 


11 


-44* 




4 


6 


3 


35* 




9 


20000+3239 


15 






6 


35 


1 






12 


20462+3416 


-14 


-4 


45* 


-14 


5 


-13 


-9 




-2 


22023+5249 


-21 


-7 


37* 


-14 


-17 


2 


2 





-2 


22223+4327 


17 








6 


2 








22272+5435 


39 


















23304+6147 


-3 






-26 


5 


-8 









: likely contaminated measurement 
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